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SYSTEM AND METHOD FOR AFT MOUNT
OF GAS TURBINE ENGINE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s a national stage of and claims
the prionity benefit of PCT Application Serial No. PCT/

US2014/015124, filed Feb. 6, 2014, which claims the pri-
ority benefit of U.S. Patent Application Ser. No. 61/761,771

filed Feb. 7, 2013, the text and drawings of which are hereby
incorporated by reference 1n their entireties.

TECHNICAL FIELD OF THE DISCLOSUR.

(L]

The present disclosure i1s generally related to engine
mount assemblies and, more specifically, to the installation
ol gas turbine engines in a vehicle.

BACKGROUND OF THE DISCLOSURE

Typically, the installation assembly for gas turbine
engines nto vehicles or missiles has included one or more
forward mounts or 1solators to secure the fore end of the
engine and a metal sliding mount assembly to secure the aft
end of the engine. For example, FIG. 1 shows a vehicle
assembly 100 having a gas turbine engine 105 installed
inside of a vehicle 110. In FIG. 1, an aft mount portion 107,
which 1s attached to the gas turbine engine 105, 1s slidably
received within the aft mount receptacle 112, which 1s
attached to the interior of the vehicle 110, to secure the aft
end of the gas turbine engine 105 to the vehicle 110.
Unfortunately, the aft mount assembly 1n FIG. 1 1s dithcult
to 1implement because of space limitations 1n vehicles. In
addition, the ait mount portion 107 and aft mount receptacle
112 must be made of high grade steel, which 1s expensive to
manufacture, 1n order to withstand the stress and extreme
temperatures of vehicle and engine operation. As a result,
there exists a need for an aft mount assembly that can secure
a gas turbine engine to a vehicle without significantly
limiting the interior vehicle space and at a lower cost as
compared to existing aft mount assemblies.

SUMMARY OF THE DISCLOSURE

In one embodiment, an aft mount system for a gas turbine
engine 1s disclosed. The ait mount system 1ncludes a vehicle
chassis and at least one flexible mounting member disposed
within the vehicle chassis, wherein when a gas turbine
engine 1s received within the vehicle chassis, an exhaust
portion of the gas turbine engine 1s substantially mounted
within the vehicle chassis through engagement with the at
least one flexible mounting member.

In another embodiment, a method for preparing a vehicle
1s disclosed. The method includes attaching at least one
flexible mounting member to at least a portion of an 1nner
wall of a vehicle chassis such that when a gas turbine engine
1s received 1n the vehicle chassis, an exhaust portion of the
gas turbine engine 1s substantially mounted within the
vehicle chassis through engagement with the at least one
flexible mounting member.

In another embodiment, a vehicle system 1s disclosed. The
vehicle system includes at least one flexible mounting
member disposed within a vehicle chassis and a gas turbine
engine comprising an exhaust portion, the exhaust portion
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substantially mounted within the vehicle chassis through
engagement with the at least one flexible mounting member.
Other embodiments are also disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of this disclosure, and the
manner of attaining them, will be more apparent and better
understood by reference to the accompanying drawings,
wherein:

FIG. 1 1s a partial cross-section of a prior art aft mount
system.

FIG. 2a 1s a partial cross-section of an ait mount system
having an engine mounted therein according to an embodi-
ment.

FIG. 2b shows a cross-section of the aft mount system and
engine 1n FIG. 2a along Section A-A 1n an embodiment.

FIG. 3a 1s a partial cross-section of an aft mount system
according to an embodiment.

FIG. 35 shows a cross-section of the aft mount system 1n
FIG. 2¢ along Section A-A 1n an embodiment.

FIG. 4 illustrates a method for installing an engine 1n a
vehicle according to an embodiment.

FIG. 5 illustrates a method for installing an engine 1n a
vehicle according to an embodiment.

FIG. 6 1llustrates a method for installing an engine 1n a
vehicle according to an embodiment.

DETAILED DESCRIPTION OF TH.
DISCLOSED EMBODIMENTS

(L]

For the purposes of promoting an understanding of the
principles of the present disclosure, reference will now be
made to certain embodiments and specific language will be
used to describe the same. It will nevertheless be understood
that no limitation of the scope of the disclosure 1s thereby
intended, and alterations and modifications, and further
applications of the principles of the disclosure as 1llustrated
therein are herein contemplated as would normally occur to
one skilled 1n the art to which the disclosure relates.

The present disclosure describes a mount system for the
ait portion of an engine and a method for mounting the aft
portion of an engine within a vehicle and a vehicle system.
The aft mount system of the present disclosure allows for the
alt portion of an engine to be mounted within a vehicle and
a vehicle system using at least one flexible mounting mem-
ber. The use of at least one flexible mounting member for
mounting the aft portion of an engine reduces cost, weight,
and spatial footprint as compared to previous mounting
mechanisms. Such improvements 1n design metrics for
vehicles provides for, among other things, greater range and
performance for vehicles.

FIG. 2a shows a partial cross-section of an aft mount
system 200 with the aft portion 232 of an engine 230
mounted within the system 200 according to an embodi-
ment. In FIG. 2a, the aft mount system 200 includes a
hollow vehicle chassis 210 and flexible mounting members
220 attached to the vehicle chassis 210. As shown 1n FIG.
2a, the vehicle chassis 210 includes opposing inner and
outer walls 212, 214, a first portion 216, and a second
portion 218. In FIG. 2a, the first portion 216 of the vehicle
chassis 210 has a substantially conical frustum shape, while
the second portion 218 of the vehicle chassis 218 1s sub-
stantially cylindrical 1n shape. In other embodiments, the
vehicle chassis 210 may be only cylindrical in shape, only
conical frustum in shape, or another shape or combination of
shapes. The vehicle chassis 210 may be formed of various
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materials including, but not limited to, metals, composites,
and the like. It should be noted that the engine referred to
herein may be various types of engines, including, but not
limited to, gas turbine engines, mimature gas turbine
engines, auxiliary power units, and the like.

As shown 1n FIG. 2q, a flexible mounting member 220 1s
attached to the mner wall 212 of the first portion 216 of the
vehicle chassis 210. Based upon the configuration and
number of flexible mounting members 220 attached to the
inner wall 212 of the vehicle chassis 210, the ait mount
system 200 of the present disclosure 1s configured to secure
the aft portion 232 of the engine 230 within the vehicle
chassis 210 1n various orientations. That 1s, when the engine
230 1s recerved within the vehicle chassis 210 (as shown 1n
FIG. 2a), the aft portion 232 of the engine 230 engages the
flexible mounting members 220 causing the aft portion 232
of the engine 230 to be secured within the vehicle chassis
210. The use of flexible mounting members 220 as a
mounting system provides for an easier installation of
engines 1nto vehicles and for natural dampening of engine-
to-vehicle and vehicle-to-engine vibrations. In addition, the
flexible mounting members 220 provide flexibility, which
accommodates for thermal growth of the engine.

FI1G. 2b shows a cross-section of the aft mount system 200
and engine 230 in FIG. 2q along Section A-A, which cuts
through the vehicle chassis 210, flexible mounting members
220, and engine 230. In FIG. 25, the aft portion 232 of the
engine 230 1s shown mounted through its engagement with
the three flexible mounting members 220 that are evenly
distributed axially about the first portion 216. The configu-
ration of the flexible mounting members 220 1in FIG. 25
causes the aft portion 232 of the engine 230 to be substan-
tially centered axially within the vehicle chassis 210. One of
ordinary skill in the art would understand that with different
configurations of tlexible mounting members 220 and sizes,
the aft portion of an engine may have the same orientation
as that provided in FIG. 25 (i.e., axially centered within the
vehicle chassis 210) or a different orientation relative to the
vehicle chassis 210 (e.g., a slight ofl-center orientation). As
shown 1 FIGS. 3a and 3b, according to at least one
embodiment of the present disclosure, the flexible mounting
members 320 of an aft mount system 300 may include a
single segment that forms a circle inside of the vehicle
chassis 310. The flexible mounting members 320 are con-
figured to substantially center an ait portion of an engine
relative to the vehicle chassis 310. Alternatively, the flexible
mounting members 320 may be a single segment that forms
a spiral mnside of the vehicle chassis 310. In another
example, the flexible mounting members 220, 320 may
include two segments, four segments, or more segments,
which can be attached to the vehicle chassis 210, 310 1n
various configurations for securing aft portions 232 of
engines 230.

The flexible mounting members 220, 320 may be attached
to the vehicle chassis 210, 310 in various ways. For
example, the flexible mounting members 220, 320 may be
attached to the wvehicle chassis 210, 310 using a high
temperature bond agent or other adhesives, various fasten-
ers, and the like. As shown 1n FIG. 24, the flexible mounting
members 220 may extend along only a portion of the inner
wall 212 and about the circumierence of the first portion
216. Alternatively, 1n other embodiments, the flexible
mounting members 220 may extend various other lengths
along the mmner wall 212 1n the longitudinal direction and
about the circumierence of the first portion 216.

While the flexible mounting members 220, 320 are
described herein as being attached to the vehicle chassis 210,
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310 via the mner wall 212, the flexible mounting members
220, 320 may also be secured within the vehicle chassis 210,
310 in other ways, such as being attached to the vehicle
chassis 210, 310 indirectly. For example, an intermediate
apparatus may be disposed within the vehicle chassis 210,
310, which 1s attached to the vehicle chassis 210, 310 or
otherwise substantially secured in the vehicle chassis 210,
310, and the flexible mounting members 220, 320 may be
attached to the intermediate apparatus. Such an arrangement
may be used 1f the selected engine 230 has a sigmificantly
smaller diameter compared to the diameter of the vehicle
chassis 210, 310. Additionally or alternatively, an interme-
diate apparatus may be used to further dampen vibrations
between the engine 230 and vehicle chassis 210, 310. As
opposed to being attached to the vehicle chassis 210, 310,
the tlexible mounting members 220, 320 may be secured to
an engine 230 or disposed within the vehicle chassis 210,
310 without being attached to the vehicle chassis 210, 310
(e.g., through press fit and the like). If the flexible mounting
members 220, 320 are secured to an engine 230, the engine
230 (with flexible mounting members 220, 320) may be
inserted into a vehicle chassis 210, 310 and mounted therein
through the tflexible mounting members 220, 320 engaging
the 1nner wall 212 of the vehicle chassis 210, 310. Addi-
tionally or alternatively, the flexible mounting members 220,
320 may be disposed between the engine 230 and vehicle
chassis 210, 310 without being attached to either structure,
such as by being in the space therebetween by friction fit.

The flexible mounting members 220, 320 may include
various tlexible items for mounting the aft end of an engine
such as, for example, elongated material, high temperature
clongated matenal, rope, high temperature rope, and the
like. As used herein, high temperature (e.g., high tempera-
ture rope) refers to any design temperature desired for the
flexible mounting material to operate in, where the design
temperature 1s chosen for the particular application 1n which
the tlexible mounting material will be used. For example, a
flexible mounting member 220, 320 may include InSil-
Max™ Extreme High Temperature Rope 1n an embodiment.
The flexible mounting members 220, 320 may take various
forms including, but not limited to, knitted rope, twisted
rope, and square braided rope. The flexible mounting mem-
bers 220, 320 may have various cross-sectional shapes (e.g.,
circular, oval, square, and the like), widths, lengths, and
other dimensions and properties depending upon the appli-
cation (e.g., type of engine). The flexible mounting members
220, 320 may be formed of extruded sections and the like.
Typically, the flexible mounting members 220, 320 can also
be stored for long periods of time and are cheaper than
existing mechanical mount systems.

FIG. 4 depicts a method for preparing a vehicle 400
according to an embodiment. As shown in FIG. 4, the
method 400 includes at block 410 attaching at least one
flexible mounting member to at least a portion of the inner
wall of the vehicle chassis such that when a gas turbine
engine 1s received 1n the vehicle chassis, an exhaust portion
of the gas turbine engine 1s substantially mounted within the
vehicle chassis through engagement with the at least one
flexible mounting member. At block 410 attaching at least
one flexible mounting member may include applying one or
more high temperature resistant adhesives to one or both of
the vehicle chassis and the at least one flexible mounting
member. Alternatively or in addition, attaching the at least
one flexible mounting member may include applying one or
more fasteners. As shown in FIG. 4, the method 400 may
also include at block 420 inserting a gas turbine engine into
the vehicle chassis so that the exhaust portion of the gas
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turbine engine engages the at least one flexible mounting
member causing the exhaust portion to be substantially
mounted within the vehicle chassis.

FIG. 5 depicts a method for preparing a vehicle 500
according to an embodiment. As shown i FIG. 5, the
method 500 includes at block 510 attaching at least one
flexible mounting member to at least a portion of an engine.
At block 3510 attaching at least one flexible mounting
member may include applying one or more high temperature
resistant adhesives to one or both of the engine and the at
least one flexible mounting member. Alternatively or in
addition, attaching the at least one flexible mounting mem-
ber may i1nclude applying one or more fasteners. As shown
in FIG. 5, the method 500 may also include at block 520
inserting the engine into a vehicle chassis so that the aft end
of the engine 1s substantially mounted within the vehicle
chassis at least partially because of the at least one flexible
mounting member engaging the vehicle chassis.

FIG. 6 depicts a method for preparing a vehicle 600
according to an embodiment. As shown in FIG. 6, the
method 600 includes at block 610 positioning at least one
flexible mounting member such that the at least one flexible
mounting member 1s between a vehicle chassis and an
engine when the engine 1s mounted within the vehicle
chassis. In one embodiment, the at least one flexible mount-
ing member may be inserted within a vehicle chassis so that
when an engine 1s inserted into the vehicle chassis the aft
end of the engine 1s substantially mounted within the vehicle
chassis through engagement with the at least one flexible
mounting member. In one embodiment, the at least one
flexible mounting member may be at least partially wrapped
around an engine and the vehicle chassis slid over the
outside of the engine so that the aft end of the engine is
substantially mounted within the vehicle chassis through
engagement with the at least one flexible mounting member.

While the disclosure has been illustrated and described in
detail 1n the drawings and foregoing description, the same 1s
to be considered as illustrative and not restrictive in char-
acter, 1t being understood that only certain embodiments
have been shown and described and that all changes and
modifications that come within the spirit of the disclosure
are desired to be protected.

What 1s claimed:

1. An aft mount system for a mimature gas turbine engine
in a missile, the system comprising:

a missile chassis; and

at least one tlexible mounting member disposed within the

missile chassis, wherein the at least one flexible mount-
ing member secures an ait exhaust portion of the
miniature gas turbine engine within the missile chassis
wherein the aft exhaust portion of the minmiature gas
turbine engine engages the at least one flexible mount-
ing member when the minmature gas turbine engine 1s
inserted into the missile chassis, and wherein the at
least one flexible mounting member dampens vibra-
tions between the miniature gas turbine engine and the
missile chassis.

2. The system of claim 1, wherein the at least one flexible
mounting member 1s secured to an ait converging portion of
the missile chassis and the aft converging portion 1s conical-
frustum-shaped.

3. The system of claim 1, wherein the at least one flexible
mounting member 1s at least one of the following: rope, high
temperature rope, at least partially square-braided rope, at
least partially knitted rope, at least partially twisted rope,
and extruded sections.

10

15

20

25

30

35

40

45

50

55

60

65

6

4. The system of claim 2, wherein the at least one flexible
mounting member comprises three segments of rope,
wherein each of the three segments of rope are attached at
the same longitudinal position along the aft converging
portion of the missile chassis.

5. The system of claim 4, wherein the three segments of
rope are evenly distributed on the first end portion.

6. The system of claim 1, wherein the at least one flexible
mounting member 1s a single, continuous segment of rope.

7. The system of claim 1, wherein at least one flexible
mounting member 1s a single segment that forms a circle and
when the mimature gas turbine engine 1s received in the
missile chassis, the at least one flexible mounting member
centers the aft exhaust portion axially within the missile
chassis.

8. A method of securing a miniature gas turbine engine to
missile chassis, the method comprising:

attaching at least one flexible mounting member to at least

a portion of an inner wall of the missile chassis such
that the at least one flexible mounting member extends
away from the mner wall; and

inserting the miniature gas turbine engine 1into the missile

chassis until an aft exhaust portion of the minmiature gas
turbine engine engages the at least one flexible mount-
ing member, wherein the at least one flexible mounting
member dampens vibrations between the miniature gas
turbine engine and the missile chassis.

9. The method of claim 8, wherein the step of attaching
the at least one flexible mounting member comprises apply-
ing one or more high temperature resistant adhesives to one
or both of the missile chassis and the at least one tlexible
mounting member.

10. The method of claim 8, wherein the step of attaching
the at least one tlexible mounting member comprises apply-
ing one or more lasteners.

11. The method of claim 8, wherein the miniature gas
turbine engine 1s inserted axially into the missile chassis
until an aft exhaust portion of the miniature gas compresses
the at least one flexible mounting member between an aft
converging portion of the missile chassis and the aft exhaust
portion of the miniature gas turbine engine.

12. The method of claim 8, wherein the at least one
flexible mounting member 1s at least one of the following:
rope, high temperature rope, at least partially square-braided
rope, at least partially knitted rope, at least partially twisted
rope, and extruded sections.

13. A missile system, the system comprising:

a missile chassis;

at least one flexible mounting member secured to an 1nner

surface of the missile chassis; and

a miniature gas turbine engine secured to the missile

chassis, the at least one flexible mounting member
being located between an 1nner surface of the missile
chassis and an aft portion of the miniature gas turbine
engine, wherein the at least one flexible mounting
member dampens vibrations between the miniature gas
turbine engine and the missile chassis.

14. The system of claim 13, wherein the at least one
flexible mounting member 1s at least one of the following:
rope, high temperature rope, at least partially square-braided
rope, at least partially knitted rope, at least partially twisted
rope, and extruded sections.

15. The system of claim 13, wherein the 1nner surface of
the missile chassis 1s an ait converging portion of the missile
chassis that has a conmical-frustum-shape.

16. The system of claim 13, wherein the at least one
flexible mounting member comprises three segments of
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rope, wherein each of the three segments of rope are
attached at the same longitudinal position of inner surface of
the missile chassis and the three segments of rope are evenly
distributed on the nner surface of the missile chassis.

17. The system of claim 13, wherein the at least one 5
flexible mounting member 1s a single, continuous segment
of rope.

18. The system of claim 13, wheremn the at least one
flexible mounting member 1s a single segment that forms a
circle and when the miniature gas turbine engine 1s iserted 10
into the missile chassis the miniature gas turbine engine 1is
centered axially within the maissile chassis by the at least one
flexible member.
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